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ABSTRACT
It has only been in the last two decades that the special
circumstances of saw marks in bone have been addressed. The
importance of these marks in forensic examinations has
received little attention in the English literature, but this trend is
changing.
The examination of saw marks in bone is an area of research
which may prove useful in a variety of, scientific investigations.
This thesis examines the variation present ir:, the saw marks made by
a group of hand saws and provides a methodology for the examination
and analysis of these tool marks.
The results of this investigation prove that it is indeed possible
to differentiate the marks made by different saws and to classify
the marks to a certain class of saws.

Under rare circumstances it

may be possible to positively identify a saw by· the marks it leaves,
but the matching of trace evidence from the scene of the sawing and
evidence found on the saw seems to be a more reliable means of
making a positive identification.
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CHAPTER 1
INTRODUCTION
The examination of saw marks is an area of investigation that
can shed light on a variety of operations in which a saw is used.
These activities .include processing of animals for food, criminal
dismemberment· of a human body for disposal or identity
concealment, or criminal damage to property as in breaking and
entering.

Processing techniques of animals are usually dealt with

by historic archaeologists or zooarchaeologists.

Criminal

dismemberment is usually the concern of forensic anthropologists or
medical examiners.

Toolmarks on inanimate objects are usually

examined by criminalists.

The main impetus of this thesis, however,

will be the analysis of saw marks in bone, because bone is one of the
most durable animal tissues and therefore most likely to exhibit
saw marks. Toolmarks on non-bone materials such as lead or steel
may show certain tool characteristics that bone does not, but these
other materials have fe�er applications in anthropology.
The purpose of this thesis to examine the marks left by different
saws and to establish criteria that will identify the type of

implement used, with a degree of certainty.

Techniques of analysis

and investigation will be presented, that were deve_loped by a
combination of experimentation and actual forensic casework.

Hand

saws are used as the basis for the creation of the variation in the·
saw cuts in this thesis, with power saws to be addressed in a later
publication.
A definition of a saw is in order. The American Heritage
Dictionary defines a saw as "a portable tool, either hand-operated
or power-op�rated, having a thin metal blade or disk with a sharp
toothed edge, used for cutting wood, metal, or other hard materials"
(American Heritage Dictionary, 1981:

1156).

This definition is

adequate for the purpose of this thesis, but it must be remembered
that other implements such as serrated-edge knives may be used in
a saw-like fashion and may also come under the definition of a saw.
Saws have been around for quite some time and naturally have
become part of everyday life.

"Invention and development of the

saw followed soon after the discovery of copper in the Near East
about four thousand years ago" (Jackson and Day, 1978: 74).
Later, iron saws replaced other saws made of softer metals.
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Greeks and Romans made many important improvements to
the iron hand saws, including various types of wooden frames
for straining the blade and setting the teeth alternately so that
the saw kerf could be cut slightly wider than the thickness of
the saw. The cutting edge could then be made straight and the
teeth shaped to cut on the push stroke, giving a more accurate
and efficient action (Jackson and Day, 1978: 74).
Implications regarding saw marks are important because the
marks provide a link between the object that has been cut, the
instrument that did the sawing, and possibly the person who
operated the saw.
ification.

This link is the main function of toolmark ident-

A tool mark is "any impression, cut, gouge, or abrasion

that results when a tool is brought into contact with an object"
(Fox and Cunnfngham, 1973: 99). The establishment of a connection .
between marks which appear on the material and which can be
reproduced in the laboratory by the use of the same or a similar
implement is important in tool mark research.

The information

can usually be used to state positively that this or a similar tool
was used or at least narrow the search to a specific type of tool,
which if obtained, can be. used to possibly duplicate the marks seen
on the originally examined specimen.
With saw marks, however, the type of duplication and comparison

3

of striations done by other toolmark examiners cannot usually be
done due to the variation in the action of the operators of the saw.
If the saw has irregular features resulting from use or neglect, .then
the possiblility of individual identification is more likely.

"Only the

longer usage of an instrument and possible repairs produce
characteristics capable of definite identification " (Mezger et al.,
1931:

57).

However, under favorable circumstances in which much

information is obtained from the tool mark, identification beyond
the class of tool ( for example, hacksaws) can be obtained, and
depending on just how singular the characteristics are, an
individual identification of an implement is possible.
The author became interested in saw marks as a result of a
forensic case in Knoxville, Tennessee, in which a person was
dismembered and the body parts were distributed in and around
Knox County.

Part of a lower torso was found and the University of

Tennessee Forensic Anthropology Team was called to investigate.
Upon examination of the femora, it became apparent that the legs
had been cut off with a saw.

Because a review of the literature at

hand was inadequate, a project was begun to produce saw marks
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experimentally in the laboratory so comparisons coutd be made
with the sawed portions of bone of the forensic case in question.
This thesis is a result of. these forensic investigations.
A review of early work regarding saw marks reveals that the
great majority of the work was done in Germany._ Most of
the articles were stimulated by a specific case in which saw
marks played an important role.

For example, Himmelreich in

1928 examined the rungs of a ladder which had been partially
sawed through. The cuts apparently resulted in the death of an
individual who fell and accidently shot himself.

A saw. was

recovered at the residence of the dead man. Marks made by the saw
handle on the rungs were matched with the recovered saw. The
information led to the conclusion that the death was in fact a
suicide, not a homicide.
In a case reported by Mezger et al., 1929, a plow handle was
sawed by one neighbor as revenge upon another. Because the saw
blade was angled to the right resulting in a concave cut, along with
contact marks left by the saw handle, the. conclusion was that the
confiscated saw could have been used to cut the handle because no
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other saws with similar characteristics were found near the scene·
of the crime.The possibility that the ·actual implement may not have
been in the group examined apparently was not an issue.
In 1933 R. M. Mayer examined a tree stump which had been
cut with a saw and had fallen into a roadway.

This was done to stop

cars in order to rob the occupants. Two saws were confiscated and
Measurements and examination

then used to make comparison cuts.

of casts of the original cut resulted in the expert opinion that one of
the saws could not have been used, and the other could have been
used for the crime.

Exclusion of the one saw was based on the width

of the kerf (groove which the saw blade makes in material), which
made a kerf too wide to have been used to make the cut in the tree
trunk.
In the same vein is an article concerning a citizen dissatisfied
with a railway (Pelz, 1956).

The suspect sawed the barrier gates

at a railway crossing, placed them on the tracks and tied them on,
and hoped to cause a derailment. The deed was discovered before
the train arrived and then the investigation began.

Twelve saws ·

were confiscated from two suspicious persons, father and son, to
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determine if any of the saws were used in the crime. In examining
the original cut, it was noticed that some of the teeth had
protruded more to one side. Only one of the twelve -saws showed
this irregularity, as observed from comparison cuts.

The owner of

the saw, the son, upon hearing the results of the investigation,
confessed and was sentenced.
In addition to the articles dealing with specific cases in which
saw marks played a role, several works have attempted to identify
saw marks experimentally.

The first was done by Mezger et al. in

1931 in an article entitled " Marks Made by Instruments and Their
Usage in Criminal Investigations ."

This article dealt with a broad

variety of tools and included a section on saws. The techniques
outlined in the article basically summarized

thought and analysis

methods prevalent when the article was written.
The next article dealing with saw marks is by Hanns Bellavic,
entitled "Identification of Sawmarks" and was written in 1934.
Bellavic deals mainly with sawmarks in wood.

He states that the

cut of a new saw "renders naturally no usable material for
identifying purposes" (Bellavic, 1934:
7

140).

This statement refers

to individual characteristics of a saw.

He continues that

"sharpening and setting of teeth change the saw's character"
(Bellavic, 1934:

140), referring to the notion that an identification

can be made from the unique character that the saw possesses.
Contained in the literature concerning saw marks is also a very
unique article that approaches the problem of identifying saws
and saw marks from a different perspective.

This is the article

entitled "Sawdust of Wood-Working Tools and Their Identification"
and was written by Georg Pichler and Ernst Rohm in 1970. Their
claim is that the examination of sawdust is a more reliable
method of identifying a saw than from the striations.

Futhermore,

"sawdust (is) always present at the place of work" (Pichler and
Rohm,

1970: 91) and if steps are taken to secure it, it can prove to

be valuable evidence. The author will examine bone sawdust in a
later paper.
The article with the closest theme to this thesis is perhaps "The
Analysis of Saw Marks in Cases of Dismemberment" written by
Wolfgang Bonte and Rudiger Mayer in 1973. This work was an·
experimental design in which fresh amputated limbs were cut with
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a variety of hand and motorized saws.

Their observations

pointed out characteristics that are able to seen in cut surfaces,
and for the first time, bone was the medium used.

This

represents a departure from earlier work in which wood had always
been the medium examined. They support many of the observations
of previous authors and introduce others.

For example, the

difficulty of cutting through tissue before reaching bone is
reported, having been demonstrated with fleshed limbs.
the striations created when

Also,

a jammed saw blade is pulled from its

kerf and the teeth scrape against the side of the groove were
observed and the implications that these marks represent the
spacing of the saw teeth, set of the teeth, and· condition of the teeth
are reported.

Other observations were made and these will be

discussed further in the paper when they will yield the most
significance to the topic at hand.
The only paper concerning saw marks published in the �nited
States was written by Wolfgang Bonte in 1975 and is entitled "Tool
Marks in Bones and Cartilage." This is basically an expansion of
the work done in 1973 concerning sawmarks and dismemberment,
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with the addition of knife cuts.
The latest saw mark publication comes from the United Kingdom
and was written in 1978 by R. 0. Andahl. This paper is an excellent
compilation of saw mark evidence and experimentally determined
evidence. Much attention is given to types of saws, particularly
those available in England. Methods of examination, patterns of
striations, and trace evidence are all treated, and result in a
very informative article.
The previous literature provides a good idea of what is involved
in the investigation of saw marks.

The point of this thesis is to

test the a·ssumptions and techniques of this previous work and
determine if it can be used. This will enable anthropologists in a
variety of subdisciplines to utilize the information gathered from
an analysis of saw marks and thus give indications of past human
behavior.
The medium for study in this paper is bone, that unique tissue
which by its durable nature tends to preserve longer than any
other tisuue except tooth enamel. Due to the survivability of bone
in most natural environments, taphonomic indicators also are
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preserved on the bone's surface and if examined will give clues to
the events which resulted in the marks observed on the surface of
the bone in question.
In order to discuss saw marks and saws efficiently and clearly,
a nomenclature has been adopted that enables the reader to
follow the analysis with as little confusion as possible. The part of
the bone which is cut through is changed into sawdust and the
surfaces which are left are called the cut surfaces.

The groove

that a saw blade makes in material is called a kerf and where a
kerf is created at the beginning of a saw cut, but that is
incomplete, is called a false start kerf.

The small projection of

bone that remains at the bottom of a kerf and is not completely
cut is called the breakaway spur. Refer to Figure 1 for a diagram
with these terms. The forward or push stroke is the action that
results in most of the cutting done by a Western saw. On the
return or pull stroke, not much cutting is done but striations are
still created. These actions of push and pull stroke are opposite in
traditional Japanese saws, as they cut on the pull stroke.

11

direction of force

chipping

end view

false start kerf
stepping

breakaway spur

side view
Figure 1. Diagram of saw mark nomenclature.

12

CHAPTER 2
GENERAL DETERMINATIONS FROM SAW MARKS
The following description of criteria concerning features of
the saw blade that can be determined from saw marks will be
presented in sections that deal with distinct aspects of the
blade or cutting action.

Included in each section will be a

description of the aspect in question as well as a discussion of
how each feature should be interpreted.

1.

Width and type of the set,
The width of the set of a saw blade is determined by the

alternate bending of the blade teeth.

The teeth are bent in this

manner in order to prevent binding of the blade as it passes through
the material being cut, since the set of the teeth is wider than the
main part of a typical saw blade.
There are several types of set which are encountered in saw
blades.

The most common of these is the alternate set, in that the

teeth are bent alternately left and right for the entire length of the
blade. Another type of set is raker, in that some of the teeth are
not bent but merely "rake" out the saw dust. The teeth of a raker set

13

saw will have alternately set teeth followed by an unset tooth and
will consequently leave a different kerf pattern.

Another type of

set is the wave set in which the teeth are bent in waves to the
right and then waves bent to the left.

Some of the teeth will have

no set, some will have the maximum set, and the rest will be in
between these two settings.

See

Figure 2 for a visual

repesentation of these sets.
To determine the width of a saw blade's set, certain traces must
be left.

One of the best determiners of the set width is a false

start kerf which often occurs when a cut is first attempted and the
blade slips and makes a few shallow grooves in the material before
finally making the cut which severs the material.

The width of

these grooves are best measured with a graduated scale fitted to
the eyepiece of a low-powered microscope.

The scale is calibrated

with a known standard and then used to measure the groove.
A groove, similar to the false start kerf, is that left on the
breakaway spur, the piece of material from the underside �f the
parent material, that is incompletely cut.

The kerf that cut

through the rest of the material is present at the location which
14

Figure 2. Types of set and the striation pattern produced by
each.
Source: R. 0. Andahl, "The Examination of Saw Marks, " Journal
of The Forensic Science Society, 1 978, 1 8 : 37.
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was last in contact with the saw and yields the same type of
information as the false start kerf.
Inspection of the bottom of the kerf yields information on
the set of the saw as well.

If the teeth are set alternately, a

centrally located ridge will be found in the kerf as the saw
removes material from either side of this ridge.

The raker set does

not leave this central ridge due to the unset teeth, but le.aves a
particular set of striations intermediate between alternate set and
wavy set. The raker set will perhaps show two ridges in the kerf
since the teeth are in three different planes, that is , left set, no
set, and right set.

Wavy set will result in a series of very fine

ridges in the kerf bottom since these teeth are set with maximum
set, no set, and the rest of the teeth between these two settings.
Figure 2 gives a diagram of these striations.
2.

Size and number of teeth.
From the cut surface of the bone, a general idea may be formed

concerning the size of the teeth. Large teeth, for example six teeth
per inch, will produce a very rough and coarse cut with much
chipping and gouging of the bone, and fine teeth, for example 18 or
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32 teeth per inch, wil l result in fine striations, a gene!al ly
smoother cut, and little in the way of obvious chipping and gouging.
· In the case of saws with extremely large teeth, for example pruning
saws, the l arge teeth te,:,d to act l ike planes and smooth up the cut
surface so that almost no striations are present.

However, the

false starts that these l arge toothed saws l eave are distinctive.
This difference in the size of the teeth is also a function of the
material being cut, because harder material s are more easily cut
with small saw teeth and softer materials can be cut with larger
saw teeth.

An example of this principle would be a 32 teeth per

inch hacksaw, designed to cut mi ld steel, and a pruning saw with
very large teeth , used to cut a variety of woods.

It is very difficult

to cut a bone with a saw that has very large teeth, because there is
trouble getting a bite, and once through the cortex the teeth tend
to become caught

in the marrow cavity.

Evidence of the number of teeth can also be obtained from
scratches left by dragging the blade across the outer surface of the
bone before cutting begins or if the blade is withdrawn from the
kerf for some reason, such as a jammed blade.
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These striations

were first noted by Bonte and Mayer in their 1973 article.

An

equally interesting phenomenon is observed in the bottom of the
kerf where an impression of the blade is left when the blade
. stops on a forward (cutting) stroke.

The teeth dig into the bone

leaving very exact information, that can be measur.ed and used to
compare with the suspect saw.

3. Condition of the saw blade.
The condition of the saw is indicated from the· -striations on the
bone as well as trace evidence that may be adhering to the bone's
surface. If the saw is new the striations will have very sharp
edges.

If the blade is dull, more effort on the part of the operator

will be necessary and therefore different types of impressions will
result.

The bottom of the kerf will not have the sharp edges that

result from a new saw and in general the striations will have a
less distinct appearance due to the dull edge of the older saw.
If the blade is brand new, for example a painted hacksaw blade,
traces of the paint will almost certainly be left on the cut surface.
This paint can be analyzed and compared with a suspect blade to .
prove or disprove that the blade was involved. The technique
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involved most often in

the analysis of paint samples is the

scanning electron microscope (SEM) equipped with an x-ray
spectrometer.

With a computer interface connected to the SEM an

elemental analysis can be produced from the paint sample that
can be compared with the suspect saw's paint and a decision made
based on the degree of similarity.
Other new saw blades will possess labels that may be printed
with some type of ink.

This ink will rub off with use of the blade

and it may be possible to match samples of this ink with the label
found on the suspect saw.
The paint and ink seem to wear off of the blades fairly rapidly,
and with the first few cuts ·w ill be easily visible to the unaided eye.
With continued cutting, the traces become more and more faint,
but trace evidence analysis via the SEM may still be possible.
If the saw has been used, there are a variety of materials that

may be left on the cut surface or in the saw dust depending on the
last material cut.

This material wil l probably still be caught in the

saw teeth and will possibly be dislodged when the bone is cut.
the blade is rusty, rust will be deposited on the cut surface.
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If
All of

these extra materials that may be present have the potential for
elemental analysis.

Careful handling and processing become even

more important with thes� trace evidences that have the potential
to help in the investigation of a case.
Past authors thought that only with used saw blades was
there enough criteria available to make an identification of a saw
blade.

In some respects this idea is true, because use creates

idiosynchrocies that may produce individual marks of increased
utility to the examiner.

Such things as bent blades, bent or missing

teeth, or some other defects may all evidence themselves in the
marks seen on the bone.

4.

Depth of the saw blade.
This dimension is the distance from the cutting edge to the

back edge of the blade. Certain saws have the same type of
teeth but differ in the depth of the blade, as in a crosscut hand
saw and a keyhole . saw.

The important distinguishing characteristic

is the amount of polish on the cut surface that are produced by
the flat part of the saw blade abrading against the bone and thus
producing wear in that part of the cut surface.
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Naturally, a

deeper blade will produce more polish because there is more
surface area between the cutting edge and the back of the blade.

s. Direction of the cut.
The direction of the push stroke in a cut bone surface can be
determined by carefully examining the interior marrow cavity and
outer cortex.

The surface last in contact with the saw blade will

show chipping since this edge has no support. The edges that are
supported by the thickness of the bone will not show this chipping.
The outer surface , farthest from the saw handle, may splinter with
many adhering pieces of bone. These indications of direction of cut
can lead to opinions concerning the position of the bone at the time
of the cut, and may indicate the handedness of the saw operator, if
there is enough evidence. The impressions on the bottom of the kerf
may also show direction of the cut, if the waves created are
preserved to such a degree that the crests of the waves are still
present.

s. Impressions left by the saw handle.
I mpressions left by the saw handle have been observed by
several authors and are a fairly reliable means of identification.
21

These marks were not observed on any of the experimental cuts.
All cut surfaces should be examined for the presence of these
marks, and if found, they should be documented.
7. Right versus left handed individuals,
To examine · the differences in saw marks between right and left
handed persons, a class proj ect was designed.

All conditions

were maintained in the same manner through the trials with the
only variation coming from the different saw operators.

All of the

subjects used were volunteers. All sawers used the same saw, an
18 tooth per inch hacksaw, under the same laboratory conditions,
these being fresh pig bones cut on top of a metal stool. Each
person made at least three cuts and these specimens were labelled
and examined. The examination's purpose was to establish criteria
that would identify the saw operator's handedness.

Some of the

operators sawed purely right handed, some were purely left handed,
and some were ambidextrous.

Skill varied from professionals who

sawed as part of their livelihood to those who had little or no
sawing experience. Males and females were included, with a fairly
broad range of ages. This information is shown in Table 1.
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Table 1 . Summary of I ndividuals Used to Test Handedness
In Saw Marks
Subject

Number
1.
2.
3.
4.
5.

6.

6.
7.

8.

9.
1 0.
1 0.
11.

Sex
F
M

M
M
M

M

"

M
F

M

M
"

M

Age

Height

Weight

31
28
24
27
34
32
"

4'1 1 "
5' 6"
6' 2"
5' 8"
5'1 1 "
6' 1 "

1 1 0 lbs
1 40
1 70
1 60
1 40
1 55
"

52
42
29
37
"

6' 3 "
5' 7"
6' 5"
6' O"
"

220
1 35
1 53
1 54
"

25

6' 2"

235

"

23

Hand
L
L
L

R
R
R
L
R
L
L

R
L

R

The detailed analysis failed to show any consistant means of
determining handedness from a cut bone surface, at least with this
sample.
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CHAPTER 3
METHODS AND MATERIALS
This section will provide details of how the experiment was
planned and carried out. Methods of examination and processing
will also be given which will enable investigators to properly
collect saw mark evidence at a crime scene or in the analysis of
saw marks on a surface�
The strategy behind the design of the experimental method is to
recreate as much as possible the actual conditions that will be used
in sawing, therefore recreating the same types of marks found on
the recovered bone specimens. While actual case scenarios will
vary immensely, certain factors can be introduced in the
experimental design that will approximate a valid situation and
at the same time be consistent with respect to each of the trials.
It was originally envisioned that all sawing wou�d be conducted
on human bone, but due to the difficulty in securing large quantities
of human bone and the fact that human bones are in short supply for
study purposes, it was decided that pig ( Sus scrota ) bones would
make a good substitute. The pig bones were secured from Lay's
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Market, Knoxville, Tennessee and represent the remains of hams
after the meat cutters have removed as much meat as they could.
The bones utilized consisted of humeri, femora, and tibiae.
Although some of these_ bones had been sawed as a result of the
meat processing, this cut surface was marked prior to experimental
sawing in order to avoid confusion.
To assemble a representative collection of saw marks a variety
of commonly available saws are needed that have the greatest
probability of being used in the commission of a crime.
The saws used in this study are of the hand or manual variety;
power saws are excluded. The names have been taken from the
" 1989 Sears Power and Hand Tool Catalog" and

UseThem by
nomenclature.
1.
2.
3.
4.
5.
6.
7.
8.
9.

Tools and How to

Albert Jackson and David Day to standardize the
The saws used are given in the following list:

carpenter's hand saw- cross cut
carpenter's hand saw- rip
dovetail saw
coping saw
pruning saw
hacksaw- 18 teeth/inch
hacksaw- 32 teeth/inch
hacksaw- carbide grit blade
hacksaw- carbide grit rod
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1 0. buck saw
11 . meat saw
Photographs of these saws appear in Figures 3- 11.

Photographs of

the 18 and 32 teeth per inch hacksaw blades were excluded due to
the similarity in appearance to the carbide grit blade.

Character

istics and specifications of all these saws are included in Table 2.
This table shows the type of saw set, width of the set, thick
ness of the blade, and length of the blade.
This group of saws represents most commonly encountered hand
saws. Of course there are other saws that will accomplish the task,
with more or less difficulty, and if one of these is suspected of
being used, the methods outlined in this thesis will provide a guide
for the analysis of .the suspect saw.
· In the case of each saw, three to five cuts were made. In
addition, false starts were intentionally made with each cut.
The resu lting saw dust was collected in each case and retained in
marked plastic vials or bags. All specimens were treated with
DuPont "Gun a_nd Equipment Cleaner" solvent to degrease
the specimens, after a suggestion from Miles Wright. The speci
mens were soaked for several hours, then removed and
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Figure 3. Carpenter's hand saw- crosscut.
Figure 4. Carpenter's hand saw- rip.
Figure 5. Dovetail saw.
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Figure 6. Coping saw.
Figure 7. Pruning saw.
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Figure 8. Carbide grit blade installed in a hacksaw frame.
Figure 9. Carbide grit rod installed in a hacksaw frame.
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Figure 1 0. Buck saw.
Figure 11. Meat saw.
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Table 2 .

Characteristics of Saws Used in this Study.

Type of

Saw

Number of

Teeth per inch

Carpenter's
Hand Saw
Cross Cut
Carpenter's
Hand- Rip
Dovetail

10

Type of

Set
Alt.

Set

Width
1.50mm

Blade

Blade

Thickness

Length

0.95mm

80.0cm

5

Alt.

1.60

0.95

66.5

14

Alt.

0.80

0.50

25.2

Meat

10

Alt.

0.95

0.65

38. 5

Coping

14

Alt.

0.90

0.50

15.0

Pruning

4

Alt.

1.45

0.70

48.0

Hack

18

Raker

0.80

0.65

31.4

Hack

32

Wavy

1.05

0.65

31.4

Carbide Blade

1.85

0.65

3L 5

Carbide Rod

2.75

0.65

21.2

Buck

4

Raker

Alt. = Alternate
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1 .50

1 .00

80.0

al lowed to dry.

The sawdust was col lected

on filter paper, al l owed

to dry and then transferred to a clean container.
Al l saw cuts were made by the author, wh o is right handed,
except one group of h acksaw cuts which were made by a group · of
left and right h anded volunteers in order to examine the variation
due to different operators.

Al l saw cuts were examined under a

Baush and Lomb Binocular Dissecting Microscope with a variable
magnification of 1 0.5-40X.

Various types of side l ighting were

used to enhance the cut surfaces and bring out detail.

It must be

stated h ere that no type of metal instruments sh ould come into
contact with the cut surfaces, as these instruments wil l cause
striations.

If cleaning or removal of certain particles is

necessary, toothpicks or soft toothbrushes should be used.
All photographs were taken by Miles Wright, photographer for
the McClung Museum, University of Tennessee, Knoxville. The
photographic technique used for the closeup shots of the sawed bone
was accomplished by placing the bones on a l i ght table and utilizing
side l ighting to enhance the striations.

The camera used was a

Minolta X-700 . with a 50mm macro lens. The ph otographs of the
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bones were shot at a 1 :1 ratio so that the images on the negatives
are actual size.

After printing, the photos show detail that is

enhanced by the enlargement process.
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CH APTE R 4
RE SU LT S

The following section gives details of the saw cuts made by the
different saws used in this study. The observations enable the
examiner of a saw cut to identify the type of saw used and arrive
at a conclusion that will help investigators to search for a
specific type of instrument. Table 3 gives a summary of the
features shown by the different saws in making cuts in bone.

1.

Carpenter's Hand Saw- Bip,
The cut surface of the bone cut by the rip saw shows distinct

striations, with polish between the stroke marks.

There is

chipping on the outer cortex. The bottom of the false start kerf
shows an impression of the alternate set of the teeth.

It is

difficult to get. a "bite" on the bone with a saw with teeth this
large, therefore, the false start area usually shows scratches that
may yield valuable information. A piece of bone cut by a rip saw is
shown in Figure 12.

2.

Carpenter's Hand Saw- Crosscut,
The striations present on these cuts are more distinct than
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Table 3. Summary of Saw Cut Data.
Type of
Saw

Chipping

Polish

+

+

Carpenter's
Rip

+

Carpenter's
Crosscut
Dovetail

Wave
Formation

+

Stepping

+

+

+

Meat

Surface
Undulation

+

+
+

Coping
Hack- 18 tpi

+

+

+

+

Hack- 32 tpi

+

+

+

+

Hack- Carbide
Blade

+

Hack- Carbide
Rod

+

Pruning

+

Buck

+

+

+

+

+

+

+

+

+

+

(+) signifies presence
(-) denotes absence
tpi = teeth per inch
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Fig u re 1 2.

Cut su rface made by a carpenter's rip saw.
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those present on the cuts made by the rip saw, because the teeth of
the crosscut saw are smaller and knife-like, rather than large and
chisel-like.

The cut surface undulates and there is not much

chipping of the outer cortex. The bottom of the kerf on the
breakaway spur shows the alternate set of the teeth. A piece of
bone cut by a crosscut saw is shown in Figure 1 3.
3.

Dovetail Saw,
This saw produces a smooth cut with fine striations. There is a

polished area on the upper one third of the cut surface from the
blade rubbing against this area.

The cut surface is very flat with

little stepping or undulation present. The false start kerf shows
the alternate set of the teeth. A piece of bone cut by a dovetail
saw is shown in Figure 1 4.
4.

Meat Saw.
This saw is designed for cutting bones and consequently handles

the job very well. The cuts are extremely fine with few deep
striations. The cut surface is very flat, with little undulation or
stepping. There is some chipping of the cortex. Polish is observed
on the upper half to one third of the cut surface and a wave pattern
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Figure 1 3. Cut surface made by a carpenter's crosscut saw.
Figure 14. Cut surface made by a dovetail saw.
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is observed near the breakaway spur.
2. 5 mm apart.

This wave pattern's crests are

The saw teeth are 2. 5 mm apart also.

It is, therefore,

assumed that there is a correlation between this wave pattern and
the number of teeth.

The false start shows indications of the raker

set of the teeth in a well defined group of striations in the bottom of
the kerf. Figure 1 5 shows a piece of bone cut by a meat saw.
5. Coping

Saw,

This saw produces a fine, smooth cut and cut the bone with
ease.

It left regular striations with sharp borders.

The

alternate set of the teeth was apparent in the bottom of the false
start kerf.

No polish was observed since this blade is not deep.

The lack of depth of the blade may make it prone to �reakage and
parts of the blade may be found at the crime scene. A piece of bone
cut by a coping saw is shown in Figure 1 6.
6.

Hacksaw- 1 s teeth per inch,
Hacksaws are used more often than other saws in

dismemberments due to their ubiquity.

These saws produce

very smooth cuts with fine striations.

There is some splintering of

the outer cortex upon the exit of the blade during the push stroke.
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Figure 1 5. Cut surface made by. a meat saw.
Figure 1 6. Cut su rface made by a coping saw.
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Some stepping is observed on the cut surface.

A wave pattern is

observed on the cut surface as well as an area of polish.

This wave

pattern is shown in Figure 17, and is identified by the white pointer.
The bottom of the false start kerf shows sharp edges and exibited
the raker set of the teeth. Figure 18 shows a piece of bone cut
through completely and Figure 19 shows a false start kerf, both cut
by an 18 teeth per inch hacksaw.

7. Hacksaw- 32 teeth per inch,
This saw produces fine striations and also results in
splintering of the cortex on the exit of the push stroke. Stepping and
the wave striation pattern are observed on the lower one-fourth of
the cut surface. The striation pattern of the cut surface appears to
be large striations (push stroke) separated by smaller striations.
The wave set of the teeth may contribute to this.

A piece of bone

cut by a 32 teeth per inch hacksaw is shown in Figure 20.

a.

Hacksaw- Carbide Blade.
This blade consists of carbide particles embedded on the edge of

a blade.

Due to the small, shallow "teeth", this saw abrades

rather than cuts like a normal saw.
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The cutting is tedious

Figure 1 7 . Wave pattern observed on cut surface made by an 18
teeth per inch hacksaw.
Figure 18. Cut surface made by an 18 teeth per inch hacksaw.
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Figure 19. False start kerf made by an 18 teeth per inch hacksaw.
Figure 20. Cut surface made by a 32 teeth per inch hacksaw.
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because the "teeth" become clogged with residue quickly.
resulting cut is smooth with a polished surface.

The

There are

numerous striations on the surface in various directions from the
abrasive nature of the carbide and the irregular surface of the blade.
Stepping is observed as well as splintering of the outer cortex.
bottom of the false start kerf is rounded like the blade.

The

Figure 21

shows a piece of bone cut by a hacksaw mounted with a carbide
blade.
9.

Hacksaw- Carbide Rod,
This blade is a metal rod into which carbide particles have been

embedded. The cut surface is similar to the carbide blade
except for the polish, which is not as prominent, due to the rod's
construction.
observed.

The surface undulates and few deep striations were

Striations are present for the push and pull of the stroke

and in other directions as well.

The bottom of the false start kerf

is rounded like the blade. Figure 22 shows a piece of bone cut
through completely and Figure 23 shows a false start kerf, both
created by a hacksaw mounted with a carbide. rod.
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Figure 21 . Cut surface made by a carbide grit blade.
Figure 22. Cut surface made by a carbide grit rod.
Figure 23. False start kerf made by a carbide grit rod.
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10. Pru ning

Saw,

This saw produces a rough entry into the bone due to its
large teeth.

The set is observed from the false start grooves

that are almost surely present due to the difficulty in getting a
cut started. The hardness of the bone makes the pruning saw a poor
choice and it seems to wear away the bone rather than cutting it.
This action produces a very smooth cut because the teeth never
really get a good bite on the bone. The exit on the push stroke
results in much splintering.

A piece of bone cut through completely

is shown in Figure 24, and a false start kerf is shown in Figure 25,
both cut with a pruning saw.
11.

Buck saw,
This saw is similar to the pruning saw in its difficulty of

use, but its teeth are much more. regular and not quite as long. The
result is a smooth polished cut surface. There may be large chips
of bone missing from the cortex.

Many striations are present on

the bone's surface due to the difficulty of getting the cut started.
Deep striations are observed on the false start area caused by the
large teeth. A complete cut is shown in Figure 26 made by a buck
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Figure 24 . Cut surface made by a pruning saw.
Figure 25. False start kerf made by a pruning saw.
Figure 26. Cut surface made by a buck saw.
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saw.
As stated before, these saws were used to illustrate the
variation that may result when cutting a bone and are by no means
intended to be an exhaustive collection of saws.

The criteria noted

and the techniques used can be applied to any saw cut, not matter
what type of saw is used.

59

CHAP"i ER 5
D ISC USSION
In exam ining saw marks it must be remembered that the
analyses and techniques are subject to the personal
interpretations of the author.

Different examiners may have

different opinions based on the same data. This thesis should
provide a guide for the analysis of saw marks to · be incorporated
into one's repertoire of analytical techniques, and give one a basis
for the development of individual ideas on the subject.
Although power saws were not used in this study, a short
comment is in order concerning these i mplements.

Since motorized

saws are often �sed in cutting bones, a discussion of the observed
differences between hand and power saws is in order.

The main

difference is that manual saws, since they are operated by hand
power, tend to be more irregular in the appearance of the cut
surface than the power saws, wh ich tend to be very regular in
appearance.

This is due to the fact that power saws operate at

very high speeds and the operator usually has a good grip on the
instrument in order to maintain control (in the case of power
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saws which are held by hand). Only in cases of operators who are
exceptionally skilled at sawing by hand will the regu larity and
uniformity of a power saw cut be emulated.

As was stated before, .

the author plans a future paper that will deal with power saws.
The pig bones used in· this thesis were all of approximately the
same age and nutritional status, having been selected for slaughter.
Bones of humans obtained through tissue banks could be useful in
future studies due to the broad age range and health status of the
donors.

If alternate types of bone are available, these shou ld be

tested to determine if they wou ld be useful in sawing experiments.
As long as they provide a good surface for examination, are readily
avai lable, and are of sufficent size to be usefu l, they are probably
s u itab l e.
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CHAPTER 6
CONCLUSION
While in the process of conducting research on anthropologically
significant materials, it may be necessary analyze the marks left by
a saw.

In such a case, ideas borrowed from tool mark research

becomes especially valuable since saw marks are tool marks.

The

data that can be gathered from saw mark research is of a very
basic nature, that of deducing the type of instrument that was
. responsible for a certain mark found

on a surface. This thesis

examined some of the obvious f1'.larks associated with the process of
cutting a bone with a saw and how these marks should be
interpreted.
There are, of course, certain features that all saw marks
possess, and these classify the mark as being from a saw.
However, upon more careful examination, certain distinguishing
features give more information concerning the particular type of
saw used.

It is only with a continued interest and familiarity

with saws and sawing that the patterns that comprise saw marks
become apparent.

To become proficient in the examination of saw
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marks, one must create saw marks and examine them. As with any
endeavor, practice tends to make the conclusions reached closer to
the actual event in most cases.
It is therefore obvious that much can be learned from saw marks
concerning the type of saw used to make the marks.

But saw marks

are of little value if the analysis does not lead to a conclusion
that will aid

in the investigation of the problem at hand.

It is

therefore crucial that persons interested in the analysis of saw
marks be serious enough to emerse themselves in the process of saw
mark investigation so that the maximum amount of data can be
gathered from the specimens of interest. If this thesis has shed
some light on the subject or initiated concern for the necessity
of saw mark research, its purpose has been served.
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